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Objective—The purpose of the current investigation is to assess and validate the factor structure 
of the Behavioral Risk Factor Surveillance System’s (BRFSS) Adverse Childhood Experience 
(ACE) module.
Method—ACE data available from the 2009 BRFSS survey were fit using exploratory factor 
analysis (EFA) to estimate an initial factorial structure. The exploratory solution was then 
validated using confirmatory factor analysis (CFA) with data from the 2010 BRFSS survey. 
Lastly, ACE factors were tested for measurement invariance using multiple group factor analysis.
Results—EFA results suggested that a 3-factor solution adequately fit the data. Examination of 
factor loadings and item content suggested the factors represented the following construct areas: 
Household Dysfunction, Emotional/Physical Abuse, and Sexual Abuse. Subsequent CFA results 
confirmed the 3-factor solution and provided preliminary support for estimation of an overall 
latent ACE score summarizing the responses to all available items. Measurement invariance was 
supported across both gender and age.
Conclusions—Results of this study provides support for the use of the current ACE module 
scoring algorithm, which uses the sum of the number of items endorsed to estimate exposure. 
However, the results also suggest potential benefits to estimating 3 separate composite scores to 
estimate the specific effects of exposure to Household Dysfunction, Emotional/Physical Abuse, 
and Sexual Abuse.
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Child maltreatment and other adverse childhood experiences (ACEs) represent extreme 
environmental hazards to psychosocial and cognitive development (Rogosch, Dackis, & 
Cicchetti, 2011; Leeb, Lewis, & Zolotor, 2011). Previous studies have consistently 
replicated the findings that ACEs predict a wide range of long-term health outcomes and 
behaviors among adults including smoking, substance abuse, Post Traumatic Stress 
Disorder, heart disease, diabetes, lung cancer, psychopathology, and premature death (Anda 
et al., 2002; Edwards, Holden, Anda, & Felitti, 2003). ACEs include both unhealthy home 
environments, such as living with a substance abusing parent, as well as harmful behaviors 
directed toward the child, such as emotional, physical, and sexual abuse.
Assessing the impact of stressful life events has typically included examination of single 
stressors. Examples of these stressors range from exposure to combat, to childhood stressful 
life events such as abuse, as well as to adult stressful events such as the death of a loved-
one. The manner in which these stressful life events are summarized has been debated since 
the 1970s, and often these items are simply summed into a single composite (Cleary, 1980; 
Bynum et al., 2010; Dohrenwend & Dohrenwend, 1978; Felitti et al., 1998; Kessler, 1980; 
Newcomb, Huba, & Bentler, 1981). A more sophisticated way to summarize these events is 
to weight certain events more based on the relationship to psychological outcomes and 
psychopathology (Newcomb et al., 1981). Such studies often incorporate more advanced 
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measurement techniques such as exploratory and confirmatory factor analyses to derive 
domain specific scales.
More recently, the U.S. Centers for Disease Control and Prevention (CDC) has implemented 
public health surveillance for ACEs. Initially, the CDC collaborated with colleagues from 
the Southern California region of the HMO, Kaiser Permanente, and selected 17 items 
assessing exposure to various types of ACEs to be administered to samples of adults who 
were members of the HMO (Felitti et al., 1998). These questions were selected from 3 
different sources; the Conflicts Tactics Scale (Straus & Gelles, 1990), a previous study 
examining sexual abuse among adult women (Wyatt, 1985), and the National Health 
Interview Survey (National Center for Health Statistics, 1991). In 2009, the CDC began 
annually administering 11 items adapted from this questionnaire to large samples of adults 
that participated in the Behavioral Risk Factor Surveillance System (BRFSS) survey. The 
items cover nine different types of childhood exposures such as emotional abuse, physical 
abuse, sexual abuse, household-member mental illness, household-member substance abuse, 
witnessing domestic violence, parental separation/divorce, and incarcerated family members 
(see Table 1). The BRFSS is the largest and longest running state-based random digit dialed 
health survey in the United States. Currently, the survey is administered via telephone 
annually to more than 500,000 individuals. Twenty-two states administered the ACE 
questions on the BRFSS between 2009 through 2012. As a result, the CDC has now 
collected the largest sample of adults that have ever responded to these 11 questions (n = 
186,423; CDC, 2009a, 2010a, 2011, 2012).
In previous studies, ACEs have typically been summed into a single index to estimate the 
overall impact on subsequent physical and mental health. Although the literature has 
demonstrated that some of the ACE constructs can be measured appropriately with valid and 
reliable items (Straus, Hamby, Boney-McCoy, & Sugarman, 1996; Newcomb et al., 1981), 
the 11 items adapted from the original Kaiser/CDC ACE studies have never been examined 
together in terms of understanding their psychometric properties in an adult sample. There 
are several potential advantages to examining the psychometric properties of the ACE 
questionnaire items, particularly for surveillance purposes. First, if the items are associated 
with several different factors, the manner in which they are summarized could impact how 
those different factors interact and predict long-term health outcomes among adults. In 
addition, if several items measure the same factor, then single items could be selected from 
each factor to represent that construct in studies that do not have the financial or other 
resources to support use of the entire ACE questionnaire. This scenario is often the case 
when administering large national health surveys for surveillance purposes and has been 
demonstrated for assessment of the prevalence of depression and major depression using the 
Patient Health Questionnaire in the U.S. (PHQ-9 [Kroenke & Spitzer, 2002], PHQ-8 
[Kroenke et al., 2009], and PHQ-2 [Löwe, Kroenke, & Grafe, 2005]). Lastly, in most 
studies, the psychological measures are administered to individuals that vary in terms of 
sociodemographic characteristics such as age and gender. To support the validity and 
reliability of group comparisons using latent constructs, a common metric must be used 
across groups. This is typically referred to as measurement invariance (Vandenberg, 2002; 
Widaman & Reise, 1997). The purpose of the current study is to examine the factorial 
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structure of the 11 ACE items that have been administered on the BRFSS. Specifically, the 
authors aim to demonstrate the following:
1. A set of latent domains can be derived from the 11 items of the BRFSS ACE 
Module using exploratory analysis.
2. The latent structure derived from the exploratory analysis will be reproduced using 
a confirmatory modeling approach in a different sample.
3. The latent factors will maintain aspects of configural and metric invariance across 
age groups and gender.
Method
Participants
We used data from the Adverse Childhood Experiences module administered to participants 
on 2009 and 2010 (CDC, 2009a, 2010a) Behavioral Risk Factor Surveillance System annual 
surveys.
Sample 1—This sample consisted of 27,545 noninstitutionalized adults surveyed during 
the 2009 Behavioral Risk Factor Surveillance System data collection period (CDC, 2009a). 
Participants were residents of one of the following five states: Arkansas, Louisiana, New 
Mexico, Tennessee, or Washington. The final weighted sample comprised 75.9% white, 
10.3% black, 8.5% Hispanic, 1.4% multiracial, and 3.9% other ethnicities. The gender 
distribution of the sample consisted of 52.3% females and the respondent ages ranged from 
18 to 98 years with a mean age of 47.1 (SE = 0.18).
Sample 2—This sample consisted of 57,703 noninstitutionalized adults surveyed during 
the 2010 Behavioral Risk Factor Surveillance System data collection year (CDC, 2010a). 
Participants were residents of the District of Columbia or one of the following 10 states: 
Hawaii, Maine, Nebraska, Nevada, Ohio, Pennsylvania, Utah, Washington, Wisconsin, or 
Vermont. The final weighted sample comprised 81.1% white, 5.1% black, 3.5% Hispanic, 
3.8% multiracial, and 6.5% other ethnicities. Ages of the respondents ranged from 18 to 98 
years, with a mean age of 47.5 (SE = 0.16) with 50.9% of sample being female.
Measures: Adverse Childhood Experiences
The ACE module (CDC, 2009b, 2010b) consists of 11 items that assess exposure to nine 
types of ACEs, including verbal abuse, physical abuse, sexual abuse, household mental 
illness, household alcohol abuse, household drug abuse, domestic violence, parental 
separation/divorce, and incarcerated family members (see Table 1). Details about the 
psychometrics of the ACE module are included in the Results section.
Procedure
ACE data were collected as part of the annually administered BRFSS questionnaire. The 
goal of the BRFSS, coordinated by the CDC, is to track state-specific behavioral health risks 
in the United States. Information from the survey is used to improve preventative health 
practices for chronic diseases, injuries, and infectious diseases. The survey is conducted 
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monthly in each state during a two-week period using a random-digit dialing sampling 
protocol to contact respondents. Once contacted, BRFSS interviewers ask respondents a 
series of questions regarding their health and health behaviors. Whereas many of these 
health-related questions are included in the questionnaire across every state, several items 
comprising additional modules are optional, and it is at the discretion of each state whether 
or not they will be included during a given data collection year. The ACE items are among 
these optional modules and therefore were not administered in every state each year.
Before analysis, the responses to the ACE items from the 2009 and 2010 samples were 
dichotomized to convey exposure to a given type of experience. For example, the response 
options for the intimate partner violence item, How often did your parents of adults in your 
home ever slap, hit, kick, punch, or beat each other up?, consist of several categories, 
including (a) Never, (b) Once, and (c) More than once. The response options for this item 
and similar items were collapsed into (a) Never and (b) One or more times, reflecting 
exposure status. Several items, such as Did you live with anyone who was a problem drinker 
or alcoholic?, were already dichotomous (Yes/No) and therefore did not require further 
collapsing of response categories to correspond with ACE exposure status.
Statistical Procedures
The BRFSS uses a complex sampling design that employs survey weights to adjust for non-
response and noncoverage biases. This weight along with stratum and primary sampling unit 
variables were included in all analyses. Data analyses were conducted in R version 3.01 (R 
Core Team, 2013) and Mplus Version 7.0 (Muthén & Muthén, 2012).
Exploratory Factor Analysis (EFA)—As an initial data analytic step, responses to the 
ACE module from the 2009 BRFSS sample (Sample 1) were submitted to EFA in Mplus 7.0 
(Muthén & Muthén, 2012), using mean- and variance-adjusted weighted least squares 
estimation (WLSMV) on the tetrachoric correlations of categorical responses. Solutions 
using geomin (oblique) rotation and varimax (orthogonal) rotation were estimated and 
compared producing very similar, often identical, loading patterns for both factor solutions. 
The best factorial solution was chosen based on Satorra-Bentler chi-square statistics, a 
model fit statistic robust to non-normally distributed variables (Satorra & Bentler, 2001), 
Root Mean Squared Error of Approximation (RMSEA), Tucker-Lewis Index, (TLI), and 
Comparative Fit Index (CFI). Commonly implemented guidelines of 0.06 and 0.95 for 
RMSEA and TLI/CFI, respectively were used to assess model fit (Bentler, 1990; Browne & 
Cudeck, 1992; Hu & Bentler, 1999).
Confirmatory Factor Analysis (CFA)—To validate the EFA results, a subsequent CFA 
was completed by specifying a structural equation model that corresponded with the factor 
loadings that emerged from the EFA. Given the degree to which each of the three factors 
were intercorrelated in the previous analysis and the common ACE module scoring 
algorithm found in the literature (Felitti et al., 1998), inclusion of a 2nd order factor 
structure in the confirmatory model was preferred. However, although this higher order 
domain would theoretically constitute an overarching or summary measure of ACE 
exposure, it is important to note that a 2nd order factor specified in a CFA model with three 
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indicators (Household Dysfunction, Physical/Emotional Abuse, and Sexual Abuse) is just 
identified, meaning that model fit describing the addition of the 2nd order factor cannot be 
assessed. As a result, fit indices for this model are identical to those fit indices of a model 
without the inclusion of this overarching factor. Therefore, a model consistent with the EFA 
model containing three correlated first order factors was estimated. A schematic depicting 
this structure is displayed in Figure 1. This model was fit to the ACE module responses in 
the 2010 BRFSS sample (Sample 2) using tetrachoric correlations (Table 2) and WLSMV 
estimation in MPlus (Muthén & Muthén, 2012) to handle categorical data (Muthén, 1984; 
Muthén & Muthén, 2012).
Cronbach’s alpha—Cronbach’s alpha (Cronbach, 1951) was employed to estimate the 
internal consistency of the dimensions validated by the CFA. It provided an overall measure 
of the interrelatedness among the items comprising each dimension. The magnitude of alpha 
coefficients can range from 0 to 1, where higher values reflect greater reliability. Values of 
Cronbach’s alpha greater than 0.6 were considered to reflect an acceptable level of 
reliability (Streiner, 2003).
Multiple group confirmatory factor analysis (MGCFA)—Configural and metric 
measurement invariance was examined by estimating a series of nested MGCFA models 
using the 2010 BRFSS ACE Module data (Sample 2). These analyses compared CFA 
models that allowed the factor loadings to be freely estimated across groups to a model that 
constrained these loadings to be equal across groups (Meredith, 1993; Widaman & Reise, 
1997). Configural invariance is established when the factor loading pattern and item 
thresholds are similar and the overall model fits well for both groups when estimated 
simultaneously (Gregorich, 2006; Horn, McArdle, & Mason, 1983; Vandenberg, 2002). 
Metric invariance is substantiated when the factor loadings and item thresholds constrained 
to be equal across two groups are found to be statistically equivalent, suggesting that the 
factors measure identical constructs using the same measurement scale for both groups 
(Gregorich, 2006; Horn, McArdle, & Mason, 1983; Vandenberg, 2002). Measurement 
invariance was investigated using analytic procedures suggested by Muthén and Muthén 
(2012, p. 485). We evaluated both the factor loadings and changes in the fit statistics to 
determine whether they measured similar constructs in both groups and permitted the 
examination of latent mean differences (Sass, 2011). Configural and metric measurement 
invariance were first tested by gender and then by age using four groups (18 –34 years, 35– 
49 years, 50 – 64 years, and >65 years).
Results
Exploratory Factor Analysis
Examination of the model fit statistics suggested that a geomin rotated 3-factor model 
adequately fit the data (RMSEA = 0.01; CFI = 0.997; TLI = 0.994). A summary of this 
model is presented in Table 3. Rotated factor loadings and item content for each extracted 
factor were subsequently inspected for interpretability using a loading of 0.40 as a cut point 
for inclusion of an item on a given dimension. Factor 1 consists of 5 items describing 
disturbances in the childhood home environment such as family member substance use, 
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parental separation or divorce, and parental incarceration. As a result, this factor was labeled 
Household Dysfunction. Factor 2, labeled Physical/Emotional Abuse, consisted of 3 items 
assessing violent behavior and emotional abuse. Finally, the remaining 3 items, all 
pertaining to inappropriate childhood sexual experiences, loaded highly onto a Sexual Abuse 
factor. Examination of the interfactor correlations suggested that all three factors are 
moderately related to one another with coefficients ranging from 0.40 (Household 
Dysfunction and Sexual Abuse) to 0.56 (Sexual Abuse and Physical/Emotional Abuse) in 
magnitude.
Confirmatory Factor Analysis
Examination of the fit statistics and geomin rotated factor loadings shown in Figure 1 
suggested adequate fit of the model to the data (RMSEA = 0.02; CFI = 0.99; TLI = 0.99). 
The previously described Household Dysfunction, Physical/Emotional Abuse, and Sexual 
Abuse domains informed by the EFA results were replicated in Sample 2. Moderate to high 
correlations were found among the 3 domains. This pattern of relatedness among the factors 
was consistent with the EFA results, further suggesting that a higher-order ACE factor may 
exist.
Factor Means and Reliabilities
Results for this analysis are presented in Table 4. Composite scores for each of the ACE 
scales were then computed for every participant in the sample by summing the responses for 
each of the items comprising the scale. Considering the magnitude of the correlations among 
the 3 factors in the CFA results, an Overall ACE score was also created for each participant 
by summing the responses of all of the ACE items. The means of the three subscale scores 
ranged from 0.21 (Sexual Abuse) to 0.77 (Household Dysfunction) with a mean of 1.61 for 
the Overall ACE score. Overall, the items comprising each of the scales were found to be 
related to one another with alphas ranging from 0.61 (Household Dysfunction) to 0.80 
(Sexual Abuse and Overall ACE).
Measurement Invariance
A summary of the estimated fit statistics for all MGCFA models appears in Table 5. CFAs 
were conducted separately for males and females to establish a good fitting measurement 
model for each group. Factor loading patterns for both the male and female models (1 and 2) 
were consistent with those found in the 3 lower order factors emerging from the previous 
CFA model. Examination of the fit statistics suggested that the models for both males and 
females adequately fit the data, indicating that further invariance testing was appropriate. 
Next, configural invariance was established by estimating a model simultaneously including 
the ACE data for both genders with the item scale factors fixed to 1 and without parameter 
constraints on either the factor loadings or the item thresholds (Model 3). Results of this 
model suggest that the factor structure of the ACE module is the same for both men and 
women. Lastly, a model constraining both the factor loadings and item thresholds to be 
equivalent across groups with the scale factors fixed to 1 for males and unconstrained for 
females was estimated to investigate metric invariance. Comparing Model 4 with Model 3 
indicated only trivial changes in the fit statistics as indicated by a change in RMSEA of 
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0.001 and no change in CFI or TLI from Model 3 to Model 4. Such small changes in these 
fit indices constitute metric equivalence across the groups (Chen, 2007; Cheung & 
Rensvold, 2002). Although the chi-square difference test is frequently used to facilitate 
comparisons among such models, it been shown to be sensitive to large sample sizes and 
therefore prone to reject the null (less constrained) model (Cheung & Rensvold, 2002). Chi-
square statistics have been included among the fit indices in Table 5, however they were 
deemed to have little interpretive value for these analyses.
Having established that the BRFSS ACE module has the same factor structure and 
measurement scale across men and women, measurement invariance across age groups were 
then tested using the same statistical modeling procedure. Separate models (Models 1, 2, 3, 
and 4 in Table 5) for each of the 4 age groups (18–34 years, 35–49 years, 50–64 years, >65 
years) were found to have similar factor loading patterns consistent with the 3 factors 
identified in the previous EFA and CFAs. Continuing the measurement invariance testing, a 
configural invariance model with the same constraints described above in the gender model 
was estimated and achieved adequate model fit (RMSEA = 0.016, CFI = 0.99, TFI = 0.99). 
Finally, a fully constrained model was estimated to investigate metric invariance. Similarly 
to the results found in the gender analyses, comparing Model 6 with Model 5 indicated no 
change in RMSEA, CFI, or TLI. As a result, both configural and metric invariance were 
established, indicating the factor structure and measurement scale are consistent across the 4 
age groups. Therefore, correlational and mean comparisons between the BRFSS ACE 
module factors by age group and gender can be directly interpreted.
Discussion
The BRFSS ACE module was developed in response to the growing need to assess and 
further understand the prevalence and impact of child abuse and household environmental 
factors on public health outcomes in the United States. In the initial exploratory analysis, we 
sought to empirically determine the number of lower order scales that could be constructed 
from the BRFSS ACE module items. A confirmatory analysis followed to validate the initial 
factor structure of the BRFSS ACE module as well as to determine whether it may be 
appropriate to combine these lower order scales to create an overall composite score. Taken 
together, the results of these analyses suggest that (a) these items can be used to generate 
three composite scores estimating levels of exposure to Household Dysfunction, Emotional/
Physical Abuse, and Sexual Abuse; (b) there is support that these three lower order factors 
effectively map onto a higher order general factor of child maltreatment, Overall ACE; and 
(c) measurement equivalence has been demonstrated across both age and gender.
Limitations
Our study—like many lines of child maltreatment research—relied exclusively on self-
report data, with its obvious limitations. Childhood abuse and related injuries are often 
sensitive and potentially anxiety-provoking for a respondent to report. As a result, the 
individual’s willingness to respond in a forthcoming manner is potentially influenced 
(Tourangeau & Yan, 2007). Also, respondents were asked to retrospectively report on their 
ACE exposure. Memory bias or other coping developed as a result of enduring abuse may 
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impact the accuracy of the individual’s self-report (Edwards, Fivush, Anda, Felitti, & 
Nordenberg, 2001). In fact, longitudinal studies of adults who suffered documented 
adolescent abuse have shown that their retrospective reports of the abuse often 
underestimate the actual occurrence (Della Femina, Yeager, & Lewis, 1990; Williams, 
1994).
The sample of items assessing the currently measured domains of adverse childhood 
experiences may be incomplete, omitting such areas as bullying and peer victimization, 
exposure to community violence, parental death, and childhood neglect. Other aspects, such 
as parental involvement, childhood socioeconomic status, the quality of peer relations, and 
the presence of disease as a child are also not presently included and thus cannot be 
evaluated as potential markers or buffers for ACEs.
Lastly, the current study only developed and investigated the internal structure of the 
inventory. Future research should continue to examine the predictive relationships of these 
ACE dimensions with important physical and mental health outcomes. However, most 
importantly, future studies should demonstrate the utility of these domain-specific scales in 
identifying protective processes that may help prevent ACEs altogether or foster resilience 
when ACEs do occur. Such research is fundamental to gaining insight into the effects and 
importance of safe, stable, nurturing familial and community relationships and environments 
on the promotion of healthy development throughout the life course.
Research Implications
Three composite scores—Traditionally, the limitations of the total ACE score outlined 
above have been addressed using frequency analysis or regression modeling to examine 
each item in the module individually. Understanding the relation between each of the ACE 
items—frequently referred to as ACE types—and deleterious outcomes in adulthood 
constitutes a necessary and worthwhile endeavor. Nevertheless, a researcher heeding the 
warnings of classical test theorists is mindful that such granular analysis comes with the 
potential for increased measurement error introduced by relying on a single item to assess 
what may in fact be a multifaceted construct (McDonald, 1999; Nunnally, 1978).
Fortunately, the three composite scores from our findings—Household Dysfunction, 
Emotional/Physical Abuse, and Sexual Abuse—offer a more psychometrically favorable 
avenue for conducting lower-level analyses in that they are more content specific, internally 
consistent, and also reflect exposure intensity. Further, composite scores are more stable 
than a single item score insofar as each item used in the scale accounts for only a portion of 
the total score. Thus, unless responses change for all the items that comprise the score, the 
likelihood of the score changing dramatically is less than when a single score is used to 
measure a particular aspect of ACEs. As a result, these more comprehensive measures of the 
ACE domains are ideal for use in quantitative ACE investigations by providing a better 
chance of obtaining more robust and reproducible analytic results compared to item level 
analysis.
Measurement invariance for gender and age—Substantiating measurement 
equivalence across groups such as age and gender is a frequently overlooked step. It is often 
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the case that group comparisons on measurement instruments are made without having 
checked whether such comparisons are appropriate. Considering that means and 
correlational-based research constitutes the most common type of ACE investigations, 
failure to know how a measure performs across groups of interest is not without 
consequence. Specifically, the researcher does not know with any degree of certainty 
whether his or her correlational findings or mean differences at the latent level reflects the 
true magnitude of the relationship among ACE domains and selected outcomes or the true 
differences in ACE exposure in the population. The researcher’s findings are confounded by 
unknown amounts of measurement bias in the instrument. Testing for measurement 
equivalence across group serves to reduce the potential for this bias. Therefore, establishing 
the configural and metric invariance of the BRFSS ACE Module factors across gender and 
age groups was an important and necessary step toward demonstrating the measure’s 
applicability to survey ACEs in the population in a more robust and less biased manner.
Also, this study tested for configural and metric invariance across age groups in an adult 
only population. However, it is worth noting that a similar set of 3 ACE domains obtained 
through factor analysis of a larger set of ACE items administered to a sample of children and 
adolescents has been previously reported (Scott, Burke, Weems, Hellman, & Carrión, 2013). 
This finding when coupled with the factor analytic results in our study suggest that the factor 
configuration of ACEs may be consistent across the entire developmental range.
Total ACE Score—Although we were unable to directly test the fit of a higher-order 
factor in our CFA model, the 3 lower order factors were found to be moderately 
intercorrelated with one another. Further, the 11 ACE items taken together as a set were 
found to have an acceptable degree of internal consistency. Together, these findings suggest 
that it is plausible that the ACE items may be totaled to represent an overall or global ACE 
score which is consistent with and lends support to the common practice of expressing ACE 
exposure as a single score (Anda, Butchart, Felitti, & Brown, 2010; Dong et al., 2004; Felitti 
et al., 1998). This score is frequently grouped into ranges representing intensity of ACE 
exposure and subsequently used to investigate the presence of dose-response patterns in 
poor mental and physical health outcomes, such as depression (Anda et al., 2002; Chapman 
et al., 2004; Edwards et al., 2003), substance abuse (Dube et al., 2006), and obesity 
(Williamson, Thompson, Anda, Dietz, & Felitti, 2002), as well as to estimate the general 
prevalence of ACE exposure (Bynum et al., 2010). Whereas our findings indicate that this is 
likely an appropriate and psychometrically reliable usage of the scale, it is important to 
recognize that such a score has limitations as well. Particularly, it may be prone to convey 
an overly simplified representation of respondents’ childhood experiences both at the 
individual level and in the aggregate. The overall ACE score does not provide necessary 
details about the nature and context of the adverse childhood experiences encountered by the 
individual respondent or in the population at large. Therefore, we cannot discern what types 
of experiences are driving the magnitude of the overall ACE index; and we cannot 
understand important characteristics of early adverse experiences, such as chronicity, age of 
onset, and severity.
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Clinical and Policy Implications
Adverse Childhood Experiences are common in the population (Anda, 2006). ACE 
prevalence studies and data from public health surveillance systems have consistently 
estimated that more than half of the U.S. population reports having experienced at least one 
ACE (Bynum et al., 2010; Felitti et al., 1998; Finkelhor et al., 1990). Data from the 2009 
BRFSS suggest that approximately 8.7% or about 1 of 10 individuals report having 
experienced 5 or more ACEs (Bynum et al., 2010). Such significant exposure to ACEs in the 
population coupled with their profound and long term effects on health outcomes and 
general quality of life underscores the need for reliable measures of child abuse and 
household dysfunction.
Our results suggest that the BRFSS ACE Module represents an efficient and empirically 
derived way to assess household dysfunction, emotional and physical abuse, and sexual 
abuse for public health surveillance purposes. Public Health surveillance systems such as the 
BRFSS serve to actively and directly measure what is going on in a population (Thacker & 
Berkelman, 1988). Inclusion of reliable measures of ACE exposure on these data collection 
systems help to identify the prevalence of these experiences across a wide range of 
demographic, cultural, and socioeconomic groups. The ability to assess cross-sections of the 
population on a set specific ACE domains adds further granularity to the data, improving our 
ability to identify and monitor increases in exposure to specific ACE types which not only 
quantifies their occurrence, but also. Armed with this information, the need for interventions 
and the effect of interventions already in place can be evaluated in an empirical fashion 
(Nsubuga et al., 2006). Therefore, application of the an ACE measurement framework such 
the BRFSS ACE module helps to both reduce measurement error and improve the utility of 
the data which in turn allows policymakers to make better informed decisions.
References
Anda R. The health and social impact of growing up with alcohol abuse and related adverse childhood 
experiences: The human and economic costs of the status quo. National Association for Children of 
Alcoholics Forum. 2006; 19
Anda RF, Butchart A, Felitti VJ, Brown DW. Building a framework for global surveillance of the 
public health implications of adverse childhood experiences. American Journal of Preventive 
Medicine. 2010; 39:93–98. [PubMed: 20547282] 
Anda RF, Whitfield CL, Felitti VJ, Chapman D, Edwards VJ, Dube SR, Williamson DF. Adverse 
childhood experiences, alcoholic parents, and later risk of alcoholism and depression. Psychiatric 
Services. 2002; 53:1001–1009. [PubMed: 12161676] 
Bentler PM. Comparative fit indexes in structural models. Psychological Bulletin. 1990; 107:238–246. 
[PubMed: 2320703] 
Browne MW, Cudeck R. Alternative ways of assessing model fit. Sociological Methods & Research. 
1992; 21:230–258.
Bynum L, Griffin T, Ridings DL, Wynkoop KS, Anda F, Edwards VJ, Croft JB. Adverse childhood 
experiences reported by adults—Five states, 2009. Morbidity and Mortality Weekly Report. 2010; 
59:1609–1613. [PubMed: 21160456] 
Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Data. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease 
Control and Prevention; 2009a. 
Ford et al. Page 11













Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Questionnaire. Atlanta, GA: U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention; 2009b. 
Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Data. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease 
Control and Prevention; 2010a. 
Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Questionnaire. Atlanta, GA: U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention; 2010b. 
Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Data. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease 
Control and Prevention; 2011. 
Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System 
Survey Data. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease 
Control and Prevention; 2012. 
Chapman DP, Anda RF, Felitti VJ, Dube SR, Edwards VJ, Whitfield CL. Adverse childhood 
experiences and the risk of depressive disorders in adulthood. Journal of Affective Disorders. 
2004; 82:217–225. [PubMed: 15488250] 
Chen FF. Sensitivity of goodness of fit indexes to lack of measurement invariance. Structural Equation 
Modeling: A Multidisciplinary Journal. 2007; 14:464–504.
Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing measurement invariance. 
Structural Equation Modeling: A Multidisciplinary Journal. 2002; 9:233–255.
Cleary PJ. A checklist for life event research. Journal of Psychosomatic Research. 1980; 24:199–207. 
[PubMed: 7441588] 
Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. 1951; 16:297–334.
Della Femina D, Yeager CA, Lewis DO. Child abuse: Adolescent records vs. adult recall. Child Abuse 
& Neglect. 1990; 14:227–231. [PubMed: 2340430] 
Dohrenwend BS, Dohrenwend BP. Some issues in research on stressful life events. Journal of Nervous 
and Mental Disease. 1978; 166:7–15. [PubMed: 619005] 
Dong M, Anda RF, Felitti VJ, Dube SR, Williamson DF, Thompson TJ, Giles WH. The 
interrelatedness of multiple forms of childhood abuse, neglect, and household dysfunction. Child 
Abuse & Neglect. 2004; 28:771–784. [PubMed: 15261471] 
Dube SR, Miller JW, Brown DW, Giles WH, Felitti VJ, Dong M, Anda RF. Adverse childhood 
experiences and the association with ever using alcohol and initiating alcohol use during 
adolescence. Journal of Adolescent Health. 2006; 38:444e1–444e10. [PubMed: 16549308] 
Edwards, VJ.; Fivush, R.; Anda, RF.; Felitti, VJ.; Nordenberg, DF. Autobiographical memory 
disturbances in childhood abuse survivors. In: Freyd, JJ.; DePrince, AP., editors. Trauma and 
cognitive science: A meeting of minds, science, and human experience. Binghamton, NY: 
Haworth Press; 2001. 
Edwards VJ, Holden GW, Anda RF, Felitti VJ. Relationship between multiple forms of childhood 
maltreatment and adult mental health in community respondents: Results from the Adverse 
Childhood Experiences (ACE). The American Journal of Psychiatry. 2003; 160:1453–1460. 
[PubMed: 12900308] 
Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, Marks JS. The 
relationship of adult health status to childhood abuse and household dysfunction. American 
Journal of Preventive Medicine. 1998; 14:245–258. [PubMed: 9635069] 
Finkelhor D, Hotaling G, Lewis IA, Smith C. Sexual abuse in a national survey of adult men and 
women: Prevalence, characteristics, and risk factors. Child Abuse & Neglect. 1990; 14:19–28. 
[PubMed: 2310970] 
Gregorich SE. Do self-report instruments allow meaningful comparisons across diverse population 
groups? Testing measurement invariance using the confirmatory factor analysis framework. 
Medical Care. 2006; 44:S78–S94. [PubMed: 17060839] 
Horn JL, McArdle JJ, Mason R. When is invariance not invariant: A practical scientist’s look at the 
ethereal concept of factor invariance. Southern Psychologist. 1983; 1(4):179–188.
Ford et al. Page 12













Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional 
criteria versus new alternatives. Structural Equation Modeling. 1999; 6:1–55.
Kessler RC. A comment on ‘A comparison of life-event weighting schemes.’. Journal of Health and 
Social Behavior. 1980; 21:293–296.
Kroenke K, Spitzer R. The PHQ-9: A new depression and diagnostic severity measure. Psychiatric 
Annals. 2002; 32:509–515.
Kroenke K, Strine TW, Spitzer RL, Williams JB, Berry JT, Mokdad AH. The PHQ-8 as a measure of 
current depression in the general population. Journal of Affective Disorders. 2009; 114:163–173. 
[PubMed: 18752852] 
Leeb RT, Lewis T, Zolotor AJ. A review of physical and mental health consequences of child abuse 
and neglect and implications for practice. American Journal of Lifestyle Medicine. 2011; 5:454–
468.
Löwe B, Kroenke K, Grafe K. Detecting and monitoring depression with a two-item questionnaire 
(PHQ-2). Journal of Psychosomatic Research. 2005; 58:163–171. [PubMed: 15820844] 
McDonald, RP. Test theory: A unified approach. Mahwah, NJ: Erlbaum; 1999. 
Meredith W. Measurement invariance, factor analysis and factorial invariance. Psychometrika. 1993; 
58:525–543.
Muthén B. A general structural equation model with dichotomous, ordered categorical, and continuous 
latent variable indicators. Psychometrika. 1984; 49:115–132.
Muthén, LK.; Muthén, BO. Mplus user’s guide. 7th ed.. Los Angeles, CA: author; 1998–2012. 
National Center for Health Statistics. Data file documentation, 1989 National Health Interview Survey 
(machine-readable data file and documentation). Hyattsville, MD: Centers for Disease Control and 
Prevention; 1990. 
Newcomb M, Huba G, Bentler P. A multidimensional assessment of stressful life events among 
adolescents: Derivation and correlates. Journal of Health and Social Behavior. 1981; 22:400–415.
Nsubuga, P.; White, ME.; Thacker, SB.; Anderson, MA.; Blount, SB.; Broome, CV.; Trostle, M. 
Public health surveillance: A tool for targeting and monitoring interventions. In: Jamison, DT.; 
Breman, JG.; Measham, AR.; Alleyne, G.; Claeson, M.; Evans, DB.; Musgrove, P., editors. 
Disease control priorities in developing countries. 2nd ed.. Washington, DC: World Bank; 2006. 
Nunnally, JC. Psychometric theory. 2nd ed.. New York, NY: McGraw-Hill; 1978. 
R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R 
Foundation for Statistical Computing; 2013. Retrieved from http://www.R-project.org
Rogosch FA, Dackis MN, Cicchetti D. Child maltreatment and allostatic load: Consequences for 
physical and mental health in children from low-income families. Development and 
Psychopathology. 2011; 23:1107–1124. [PubMed: 22018084] 
Sass DA. Testing measurement invariance and comparing latent factor means within a confirmatory 
factor analysis framework. Journal of Psychoeducational Assessment. 2011; 29:347–363.
Satorra A, Bentler PM. A scaled difference chi-square test statistic for moment structure analysis. 
Psychometrika. 2001; 66:507–514.
Scott BG, Burke NJ, Weems CF, Hellman JL, Carrión VG. The interrelation of adverse childhood 
experiences within an at-risk pediatric sample. Journal of Child & Adolescent Trauma. 2013; 
6:217–229.
Straus, MA.; Gelles, RJ. Physical violence in American families: Risk factors and adaptations to 
violence in 8,145 families. New Brunswick, NJ: Transaction Press; 1990. 
Straus MA, Hamby SL, Boney-McCoy S, Sugarman DB. The Revised Conflict Tactics Scales (CTS2): 
Development and preliminary psychometrics. Journal of Family Issues. 1996; 17:283–316.
Streiner DL. Starting at the beginning: An introduction to coefficient alpha and internal consistency. 
Journal of Personality Assessment. 2003; 80:99–103.
Thacker SB, Berkelman RL. Public health surveillance in the United States. Epidemiologic Reviews. 
1988; 10:164–190. [PubMed: 3066626] 
Tourangeau R, Yan T. Sensitive questions in surveys. Psychological Bulletin. 2007; 133:859. 
[PubMed: 17723033] 
Ford et al. Page 13













Vandenberg RJ. Toward a further understanding of and improvement in measurement invariance 
methods and procedures. Organizational Research Methods. 2002; 5:139–158.
Widaman, KF.; Reise, SP. Exploring the measurement invariance of psychological instruments: 
Applications in the substance use domain. In: Bryant, KJ.; Windle, M.; West, SG., editors. The 
science of prevention: Methodological advances from alcohol and substance abuse research. 
Washington, DC: American Psychological Association; 1997. p. 281-324.
Williams LM. Recall of childhood trauma: A prospective study of women’s memories of child sexual 
abuse. Journal of Consulting and Clinical Psychology. 1994; 62:1167–1176.
Williamson DF, Thompson TJ, Anda RF, Dietz WH, Felitti VJ. Body weight, obesity, and self-
reported abuse in childhood. International Journal of Obesity. 2002; 26:1075–1082. [PubMed: 
12119573] 
Wyatt GE. The sexual abuse of Afro-American and white American women in childhood. Child Abuse 
& Neglect. 1985; 9:507–519. [PubMed: 4084830] 
Ford et al. Page 14














Diagram of the confirmatory three-factor model.
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Table 1
Behavioral Risk Factor Surveillance System Adverse Childhood Experiences Module Items
Item Content ACE type
Looking back before you were 18 years of age …
1 Did you live with anyone who was depressed, mentally ill, or suicidal? Household mental illness
2 Did you live with anyone who was a problem drinker or alcoholic? Household alcohol abuse
3 Did you live with anyone who used illegal street drugs or who abused prescription medications? Household substance abuse
4 Did you live with anyone who served time or was sentenced to serve time in a prison, jail, or other 
correctional facility?
Incarcerated family member
5 Were your parents separated or divorced? Parental separation/divorce
6 How often did your parents or adults in your home ever slap, hit, kick, punch, or beat each other up? Household physical violence
7 Before age 18, how often did a parent or adult in your home ever hit, beat, kick, or physically hurt you 
in any way?
Physical abuse
8 How often did a parent or adult in your home ever swear at you, insult you, or put you down? Emotional abuse
9 How often did anyone at least 5 years older than you or an adult ever touch you sexually? Sexual abuse
10 How often did anyone at least 5 years older than you or an adult try to make you touch them sexually? Sexual abuse
11 How often did anyone at least 5 years older than you or an adult force you to have sex? Sexual abuse























































































































































































































Ford et al. Page 18
Table 3






1 0.41 0.28 0.07
2 0.62 0.27 −0.08
3 0.84 0.00 0.06
4 0.86 −0.07 0.02
5 0.54 0.07 0.00
6 0.33 0.57 −0.01
7 −0.01 0.93 0.01
8 0.11 0.76 0.02
9 0.03 0.01 0.95
10 0.04 −0.01 0.97
11 −0.02 0.13 0.85
Factor Inter-correlations
Household dysfunction —
Emotional/physical abuse 0.52 —
Sexual abuse 0.40 0.56 —
Model fit indices: RMSEA, 0.012; CFI, 0.997; TLI, 0.994
*
Factor loadings greater than 0.40 appear in bold.
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